Perturbative quantum chromodynamic predictions are given for inclusive production of heavy mesons, D, B and T, at energy range of 20-110 GeV. At high energy limit, analytic calculations of total cross sections, fragmentation functions, and angular distributions are presented. For T mesons, higher twist mass effects are included in numerical estimates. We found these effects give 20%-30% corrections for D and B meson productions at @ -60 GeV. The forward-backward asymmetry from weak-electromagnetic interference is found to be large at TRIS-TAN energy.
Introduction
The present vigorous experimental programs at the existing accelerators and at the ones under construction are expected to subject quantum chromodynamics (QCD) and electroweak theory to ever more stringent tests. Specifically, e+e-colliders at center of mass energies of fi -100 GeV will provide the opportunity to explore many of the predictions of QCD and electroweak theory in a clean environment and therefore they are ideal testing grounds within their energy ranges.
In e+e-annihilations, the interaction is mediated by electromagnetic current (7) and the weak neutral current (ZO).l At typical operating energies of SLC2 and LEP,3 the interaction will be dominated through neutral current via Z"-production.
Furthermore, large enhancements in the value of cross section for e+e---) hadrons is expected at Z" resonance, i.e. at c.m. total energy of ,/ZMz. However, at lower energies, (i.e., fi -20 GeV), the process is dominated by electromagnetic current and Z" contribution will be negligible. The interesting region of medium energy (e.g. TRISTAN* energies) will reveal the interference between weak and electromagnetic interactions.
Related to the variation of energy in inclusive hadron production, it is interesting to study the angular distribution of produced hadrons. At energies slightly above threshold, the reaction is almost like a two-body exclusive process.
Therefore, the angular distribution is determined by the helicity of the final state hadrons. However, at higher energies, multiparticle production dominates and the spin correlations among produced hadrons become unimportant.
In fact, at asymptotic high energies, the angular distribution of the hadron in inclusive reaction is basically determined by the quark-antiquark pair production.
Another interesting feature of angular distribution of hadrons comes from weak and electromagnetic interference. ' The axial coupling of 2' boson to fermion gives rise to asymmetry in the angular distribution. This leads to forwardbackward asymmetry which can provide valuable information about the coupling of Z" to quarks.
In this paper, we have studied the inclusive production of heavy mesons (mesons with at least one heavy quark c, 6, t) for the energy ranges from 20 GeV to 110 GeV. From a theoretical point of view, heavy meson systems are interesting because: (i) their binding energies are small compared to their masses and therefore to a good approximation they are nonrelativistic systems described by simple wave functions (see next section), (ii) th e momentum transfer q involved in the production of heavy quarks is sufficiently large compared to QCD scale parameter AQCD -100 MeV. Thus, the heavy meson system could provide important clues related to the perturbative QCD mechanism for the hadronization process.5
This paper is organized as follows. In Section 2, we present the details of the calculation for production of heavy mesons. We derive analytic expressions for various cross sections at high energy limit in Section 3. The numerical estimates of total cross section, fragmentation function, angular distribution and asymmetry for pseudoscalar mesons are given in Section 4. A summary and conclusions are followed in Section 5.
Calculation of Cross Section
The mechanism for inclusive production of heavy mesons is shown in Fig. 1 .
In Figs. l(a) and-l(b), the process is mediated via photon production while in
Figs. l(c) and l(d) 't 1 is mediated through 2' boson. The main contribution from each set of diagrams depends on the energy regions as it was discussed in the Introduction.
At large momentum transfer q, the invariant amplitude M for processes shown in Fig. 1 factorizes516 into the convolution of hard scattering amplitude TH and meson distribution amplitude 4~. Therefore, we can write M as,
where TH is the hard scattering amplitude which can be calculated perturbatively from quark-gluon subprocesses, and 4~ is the probability amplitude to find quarks which are collinear up to the scale q2 in a mesonic bound state. In In Eqs. (9) and (lo), Fa E V, -75Aa. Using Eqs. (8)-(lo), we can calculate the differential cross section for the process e+e---) meson + X:
q1 -q2) (11) where I&l2 is the square of the spin averaged invariant amplitude. Utilizing energy momentum conservation, the differential cross section (11) (13)
The limits of y integration5 satisfy the equation cos2 OMQ = 1, or
In the following section, we will use Eqs. (8)- (13) to determine cross sections for various pseudoscalar mesons.
Cross Sections at High Energy Limit
In this section we derive an analytic expression for the differential cross section of Eq. (13) 
The coefficients Ci's are functions of r and couplings VQ, AQ, etc. The exact form of Fp will not be presented here because of lengthy expression, however, the predictions of Eq. (24) will be examined in the next section.
Numerical Estimates
In this section, we present the numerical estimates of (a) total cross section, (notice the scale). In fact, near threshold, the process is dominated by two body exclusive production and the angular distribution is effected by the spin correlations between the two produced mesons. Since we require one of the produced mesons to be a pseudoscalar, the other meson is most likely a pseudoscalar or .a vector. Therefore, the net angular distribution, which is a combination" of sin2 6 (pseudoscalar-pseudoscalar ) and 1 + cos2 6 (pseudoscalar-vector), shows very small variation in the entire range of cos 0. This threshold behavior is also observed for 2' meson production as shown in Fig. 6(a) . However, as energy increases, angular distributions become more concave because multiparticle channels give larger contributions. This behavior is observed in both Figs. 5 and 6 for B and T mesons respectively.
(d) Forward-Backward
Asymmetry
As we discussed in Section 4(c), the interference between vector and axial vector currents gives rise to asymmetry in angular distributions at high energies.
This interference arise from 7 and Z" cross diagrams or from the product of vector and axial coupling terms in Z" diagram alone. The latter contribution is generally negligible due to the very small magnitude of the vector coupling of Z" to leptons. Therefore, the main contribution to the asymmetry is coming from weak-electromagnetic interference terms.
To measure asymmetry, the forward-backward asymmetry AFB is defined as
The 
Conclusions
In the preceding sections we analyzed the inclusive production of pseudoscalar heavy mesons in e+e-annihilation. For D and B meson production, the higher twist mass effects give 20% -30% corrections at total c.m. energy of about 60 GeV.
Even at fi -20 GeV, these corrections are still less than 50%. On the other hand, for T meson production, these effects are quite significant within the energy range we are considering and must be included in the analysis. 
